I n t r o d u c t i o n
Municipal sewage sludge c o n t a i n s abundant p l a n t n u t r i e n t s and i s an e f f e c t i v e l o n g -l a s t i n g amendment f o r improving normal f o r e s t s i t e s and f o r reclamation of d i s t u r b e d s i t e s i n t h e Southeast.
That c o n c l u s i o n i s demons t r a t e d by e i g h t s t u d i e s o f t h e e f f e c t s o f d r i e d sewage sludge on s o i l s , t r e e growth, and element c o n c e n t r a t i o n s i n t r e e f o l i a g e i n t h e Southeastern United
States. Of these studies, f o u r were on borrow p i t s , one on a kaol i n spoi 1, and one i n t h e Tennessee Copper Basin. Two s t u d i e s were on r o u t i n e r e f o r e s t a t i o n s i t e s i n South Carolina. Although i n sane cases e a r l y r e s u l t s were published p r e v i o u s l y , t h i s paper contains updated i n f o r m a t i o n and draws c e r t a i n conclusions n o t p o s s i b l e i n t h e e a r l i e r r e p o r t s .
The use and e f f e c t s o f sewage sludges and e f f l u e n t s f o r reclamation o f surface coal mines and o t h e r d i s t u r b e d s i t e s , as w e l l as e f f e c t s o f sludge disposal on land, have been s t u d i e d e x t e n s i v e l y The e f f e c t s o f sewage sludge and o t h e r organic wastes on s o i l s are d i scussed by E l l i o t t and Stevenson (1977) , and many aspects o f reclamation i n c l u d i n g t h e use o f sewage sludge are discussed by Schal l e r and Sutton (1978) . Two recent guides t h a t deal s p e c i f i c a l l y w i t h r e v e g e t a t i o n o f coal mine s p o i l s a r e by Vogel (1981) and Sopper and Seaker (1983) . P o s s i b l e h e a l t h r i s k s associated w i t h sewage sludge have a l s o been reviewed ( B i t t o n and others 1980). E f f e c t s o f sewage sludge on t r e e growth on normal f o r e s t s i t e s i n t h e Southeast were r e p o r t e d by Wells and o t h e r s (1985) and McKee and o t h e r s (1986) . H i n k l e (1982) used sludge t o r e c l a i m abandoned p y r i t e mines , and sludye has been used on o t h e r d i s t u r b e d s i t e s (Berry 1977 , 1979b , 1982 Berry and Marx 1977, 1980; Kormanik and S c h u l t z 1985; and Ruehle 1980) . Spot appl i c a t i o n o f sl udge , a t e c h n i que of p o t e n t i a l value i n rough t e r r a i n , has been found t o a i d i n i t i a l growth o f both l o b l o l l y p i n e (Pinus taeda L . ) and hardwoods (Berry 19-1983) .
A Word About Sewage Sludge
Sewage sludge i s obtained from t h e process i ng of domes t i c o r i ndus t r i a 1 wastewater. form o f dewatering process such as sand-
The i n i t i a l o r primary treatment o f wastewater i s u s u a l l y designed t o remove s e t t l e a b l e s o l i d s by some form o f p h y s i c a l separation (screeni n g o r g r a v i t y s e t t l i n g ) . wastewater i s subjected t o chemical

bed drying, vacuum f i l t e r i n g , o r c e n t r if u g a t i o n i s employed before disposal t o produce a dry o r semidry, s e m i s o l i d m a t e r i a l t h a t can be t r a n s p o r t e d i n open t r u c k s and a p p l i e d t o land w i t h standard a g r i c u l t u r a l equipment. I f t h e dewatering i s c a r r i e d out by vacuum f i l t r a t i o n o r c e n t r i f u g a t i o n , a chemical f l o c c u l ant i s employed t o improve separ a t i o n o f l i q u i d from sol i d m a t e r i a l .
The f l o c c u l a n t gives t h e sludge a semi-1 i q u i d , gel 1 i ke character t h a t makes a p p l i c a t i o n t o land d i f f i c u l t . McCalla and others (1977) discuss t h e p h y s i c a l , chemi c a l , and b i o l ogi c a l p r o p e r t i e s o f sludges i n d e t a i l .
Next, t h e
Usually, however, some
The method o f handling sewage sludge depends on s o l i d s content. Sludge cont a i n i n g up t o 10 percent t o t a l s o l i d s can be pumped ' w i t h special equipment. S l u r r i e s w i t h up t o 5 o r 6 percent t o t a l s o l i d s may be a p p l i e d w i t h f i e l d s p r i nk l e r s . The sludge must c o n t a i n a t l e a s t 25 t o 30 percent s o l i d s b e f o r e it can be handled w i t h a shovel o r p i t c h f o r k . reported i n t h i s paper were anaerobi c a l l y digested and sandbed d r i e d and contained a t l e a s t 35 percent s o l i d s . They were a l s o characterized by low heavy metal concentrations; f o r example, l e s s than A l l sludges used i n t h e experiments 10 p/m Cd and 250 p/m Zn. An a n a l y s i s of t h e sewage sludges used i n most o f the experiments reported here i s shown i n t a b l e 1.
C h a r a c t e r i s t i c s o f S i t e s and Studies
A l l experimental s i t e s were prepared by mechanical l y removing a1 1 woody veget a t i o n present, then by grading, i f necessary, t o e l i m i n a t e g u l l i e s . Amendments were thoroughly incorporated i n t o surface s o i l t o a depth o f 15 t o 20 cm by disking. Control p l o t s (no amendment) were s i m i l a r l y disked. I n a d d i t i o n , a l l s i t e s were subsoiled t o a depth o f from 6 1 t o 92 cm a f t e r d i s k i n g except i n Study 3 where a v a r i e t y o f physical s o i l treatments were t e s t e d and i n Study 7 where d i s k i n g was compared w i t h a s i n g l e s u b s o i l i n g treatment. Spacing between subsoiled furrows and t h e p a t t e r n o f furrows ( p a r a l l e l l i n e s o r perpendicular l i n e s ) v a r i e d w i t h t h e experiment.
I n recent experiments, s u b s o i l i n g was done i n e a r l y f a l l t o a l l o w furrows t o s e t t l e b e f o r e p l a n t i ng. Seed1 i ngs were p l anted t h e f o l l o w i n g s p r i n g i n t h e closed furrows. Treatment p l o t s c o n t a i n i n g 16 t o 36 t r e e s were r e p l i c a t e d t h r e e t o s i x times. A randomized complete-block design was used i n a l l except Study 6, i n which treatments were completely randomized. .Data were subjected t o a n a l y s i s o f variance, and means were separated by Duncan's m u l t i p l e range t e s t .
were c o l l e c t e d from t h e p l o t s i n a l l s t u d i e s i n August 1985. Nine subsamples, The area was thoroughly disked t o i n c o rp o r a t e amendments, then sown w i t h Ky 31 fescue seed before p l a n t i ng p i ne seedl i n g s . A t age 5, a l l p l o t s were thinned t o 2,691 t r e e s per hectare. N a t u r a l l y o c c u r r i n g P i s o l i t h u s t i n c t o r i u s formed abundant ectomycorrhizae on a l l seedlings d u r i n g t h e f i r s t year i n t h e f i e l d , p r e c l u d i n g any mycorrhizal comparisons.
I n d i v i d u a l Studies Study 1
This study was i n s t a l l e d on a p i t (BP-la) on t h e Savannah R i v e r borrow Forest Station, a t t h e Savannah R i v e r Plant, Aiken, SC, i n 1976. The p i t o r i g i n a l l y over1 a i n w i t h Fuqua and Wagram s o i 1 s, was created i n 1950-1952. S o i l and substratum t o a depth up t o 6 m had been removed, l e a v i n g a severely compacted ground surface.
This borrow p i t , l i k e most others a t t h e Savannah R i v e r Forest S t a t i o n had been p l a n t e d w i t h l o b l o l l y p i n e seedlings i n t h e e a r l y 1950's, b u t l i t t l e or no f e r t i l i z e r was used and no s u b s o i l i n g was dofie.
I n 1976 many t r e e s were s t i l l s u r v i v i n g , but few were t a l l e r than 3 m. The area was prepared f o r t h e study by removing a l l vegetation and s u b s o i l i n g t o a depth o f 0.9 m w i t h perpendicular furrows spaced 1.2 m a p a r t i n both d i r e c t i o n s . L o b l o l l y p i n e seedl i n g s w i t h ectomycorrhizae formed by P i s o l i t h u s t i n c t o r i u s (Pers.) Coker & Couch o r n a t u r a l l y o c c u r r i n g Thelephora t e r r e s t r i s (Ehrh.) ex Fr. were p l a n t e d 'Milled pine bark, bottom furnace ash, and sewage sludge were applied a t a r a t e o f 125 m3/ha, o r approximately 1.3 cm deep. With sewage sludge, t h i s r a t e was equivalent to a dry weight of 34 000 kg/ha.
2
Sewage sludge alone o r w i t h bark and/or ash d r a m a t i c a l l y improved e a r l y seedling yrowth ( f i g . 1) and production o f grass biomass, compared w i t h o t h e r s o i l treatments ( 6 e r r y and Marx 1980). A f t e r 3 years, grass biomass was f i v e times g r e a t e r on sludge than on o t h e r p l o t s . There was no s i g n i f i c a n t weed growth i n t h i s study. 
P l o t I n foreground W e d with 560
A t age 10, p l o t s r e c e i v i n g sludge had more than 2 times as much n i t r o g e n and more than 25 times as much phosphorus as c o n t r o l and f e r t i l i z e d p l o t s . Organic m a t t e r content and c a t i o n exchange capac i t y were a l s o considerably h i g h e r on sludge p l o t s ( t a b l e 3). By age 10, crowns had closed on t h e p l o t s r e c e i v i n g sludge, and D2H was many times higher on these p l o t s than on f e r t i l i z e d o r c o n t r o l / p l o t s ( t a b l e 4).
Study 2
This study was i n s t a l l e d on a borrow p i t (BP-lb) adjacent t o Study 1. S i t e h i s t o r y and s i t e p r e p a r a t i o n were t h e same as f o r Study 1 and p r e p a r a t i o n was c a r r i e d out a t t h e same time. Treatments consisted o f 0, 17, 34, o r 68 My/ha o f sewage sludge (2% N, 1% P, and 0.5% K) . P l o t s were p l a n t e d w i t h sweetgum (Liquidambar s t y r a c i f l u a L.) from two d i f f e r e n t ha1 f -s i b fami 1 i e s .
A f t e r 5 years, t h e r e was no d i fference i n growth between t h e two sweetgum f a m i l i e s but t h e i n f l u e n c e o f sludge amendment was dramatic. Although comp e t i t i o n by fescue, p l a n t e d as a groundcover, may have retarded e a r l y t r e e growth t o some extent, c o m p e t i t i o n from weeds was not s i g n i f i c a n t . F i f t h -y e a r growth on unamended p l o t s was poor; t r e e h e i g h t averaged l e s s than 1 m. On p l o t s amended w i t h 17 Mg/ha of sludge, mean h e i g h t was 2.75 m. On p l o t s amended w i t h 34 o r 68 Mg/ha, mean h e i g h t was over 3.6 m (Kormanik and Schultz 1985) .
A t age 10, t h e improvements i n s o i l p r o p e r t i e s associated w i t h 34 Mg/ha of sludge were s i m i l a r t o those observed i n Study 1 ( t a b l e 5). The sweetgum growth response was best a f t e r 34 and 68 Mg/ha a p p l i c a t i o n s , but d i d not d i f f e r s i g n i fi c a n t l y between these two treatments ( t a b l e 6).
Study 3
This study was i n s t a l l e d on a borrow p i t (BP-2) o r i g i n a l l y o v e r l a i n w i t h Gunter sand. C r e a t i o n o f t h i s borrow p i t exposed a substratum on which t r e e s and o t h e r vegetation grew poorly.
Eighteen treatments ( 2 amendments x 9 mechanical s i t e p r e p a r a t i o n treatments) were i n s t a l l e d . A n a e r o b i c a l l y digested sewage sludge was obtained from Macon, GA. Sludge was a p p l i e d t o h a l f o f t h e study p l o t s a t a ratle o f 17 Mg/ha, and f e r t i 1 i zer (10-10-10) Nine mechanical s i t e preparation treatments v a r i e d subsoi 1 i ng depth and spacing o f furrows running i n e i t h e r one o r two d i r e c t i o n s . These treatments were a p p l i e d t o both f e r t i l i z e d p l o t s and p l o t s amended w i t h sewage sludye. During t h e autumn o f 1978, t h e study s i t e was seeded w i t h Ky 31 fescue (Festuca arundinacea Schreb.) a t 34 ky/ha. L o b l o l l y pine seedlings ( L i v i n g s t o n P a r i s h source) t h a t had been i n o c u l a t e d and h e a v i l y colonized by t h e ectomyc o r r h i z a l fungus P i s o l i t h u s t i n c t o r i u s ( P t index 88) were p l a n t e d i n March 1979. Seedlings were p l a n t e d a t a dens i t y o f 1,914 t r e e s per hectare and always i n a subsoiled furrow except on disked-only p l o t s . No weed c o n t r o l was necessary.
The e f f e c t o f sewage sludge on growth a f t e r 4 years was s t r i k i n g (Berry 1985b ). Trees on these p l o t s grew an average of 37 percent more i n h e i g h t and 76 percent more i n d.b.h. than t r e e s grown on f e rt i l i z e r p l o t s . Four-year s u r v i v a l was n o t i n f l u e n c e d by treatment. Subsoi 1 i n g i n t e r a c t e d w i t h amendments i n i t s i n f l u e n c e on t r e e growth ( B e r r y 1985b). A f t e r 4 years on f e rt i l i z e d p l o t s , t r e e s grew 9 percent more i n h e i g h t and 17 percent more i n diameter on p l o t s subsoiled 46 cm deep than on p l o t s subsoiled 92 cm deep.
When sewage sludge was used, however, t h e r e was s i g n i f i c a n t l y more growth (4.5% more h e i g h t and 7. 4% more d.b.h.) when p l o t s were subsoiled t o a depth o f 92 cm r a t h e r than 46 cm. A f t e r 4 years, no growth d i f f e r e n c e s due t o spacing of furrows o r whether furrows were p a r a l l e l o r perpendicular were detected.
Seven years a f t e r treatment, p l o t s r e c e i v i n g sludge had more than 2 times as much nitrogen, 10 times as much phosphorus, and 2 times as much organic m a t t e r as p l o t s t h a t were f e r t i l i z e d ( t a b l e 7). DZH values f o r t r e e s on p l o t s r e c e i v i n g sludge were about f o u r times those on f e r t i l i z e d p l o t s . Subs o i 1 i ng was benef i c i a1 , but growth through age 7 d i d not d i f f e r s i g n i f ic a n t l y between t h e 46-and t h e 92-cm treatment depths ( t ab1 e 8) .
Study 4
This study was i n s t a l l e d on a k a o l i n s p o i l t o determine t h e f e a s i b i l i t y of r e c l a i m i n g t h i s type o f s p o i l w i t h sludge. About 8498 ha i n Georgia had been surface-mined f o r k a o l i n c l a y by This study, a l s o i n s t a l l e d on a borrow p i t (BP-3), was designed t o determi ne whether several hardwoods besides sweetgum c o u l d grow w e l l on substratum m a t e r i a l amended w i t h sludge and subsoi 1 ed. A s p l i t -p l o t experiment t e s t e d 68 Mg/ha o f fresh sludge from Athens, GA, o r f e r t i l i z e r (1120 kg/ha o f 10-10-10 + 2240 kg/ha o f d o l o m i t i c l i m e ) o r nothing i n major p l o t s and compared t h e r e l a t i v e a d a p t a b i l i t y of s i x species t o a s l udge-recl aimed borrow p i t .
Species compared i n t h i s experiment were sycamore (P1 atanus o c c i d e n t a l i s L.) , green ash (Fraxinus enns l v a n i c a Marsh.), sawtooth oak F Quercus acutissima Carruthers), and ye1 1 ow-pop1 a r ( L i rioden--dron t u l i p i f e r a L.) as w e l l as l o b l o l l y p i n e and sweetgum. Twenty-five t r e e s were planted a t a d e n s i t y o f 1,682 t r e e s per hectare i n each treatment p l o t . A l l species were p l a n t e d i n sludge and f e rt i l i z e r p l o t s , w h i l e o n l y sweetgum, green ash, and l o b l o l l y pine were p l a n t e d i n t h e c o n t r o l (no amendment) p l o t s .
On l o b l o l l y pine, sweetgum, and green ash, mycorrhizal i n o c u l a t i o n t r e a tments were applied, b u t i n a l l cases t h e noninoculated seedlings became contaminated soon a f t e r p l a n t i n g i n t h e -f i e l d , p r e c l u d i n g any i n f o r m a t i o n on mycorrhizal e f f e c t .
A h i g h l y s i g n i f i c a n t species x f e rt i l i t y i n t e r a c t i o n a f f e c t i n g D*H was observed a f t e r t h e second growing season. Growth o f several, i f n o t a l l , species i n t h i s experiment was retarded by weed competition, which has been e x c e p t i o n a l l y heavy i n sludge p l o t s . By age 4, n i t r o g e n , phosphorus, and organic matter contents were no longer s i g n i f i c a n t l y higher on f e r t i l i z e d than on c o n t r o l p l o t s . Sludge p l o t s had more of these elements than t h e c o n t r o l p l o t s ( t a b l e 9), I n general, t r e e s performed b e t t e r on sludge p l o t s than on those r e c e i v i n g f e r t i l i z e r , but t h e advantage v a r i e d considerably by species ( t a b l e 10). For t h e t h r e e main species i n t h e study, t h e percentage o f improvement i n D*H a t t r i b u t a b l e t o sludge was g r e a t e s t i n green ash, next g r e a t e s t i n sweetgum, and l e a s t i n l o b l o l l y pine. Even so, DZH i n l o b l o l l y p i n e was almost f i v e times as h i g h on sludge as on c o n t r o l p l o t s ( t a b l e 11).
Study 5
Four years a f t e r treatment, sludge p l o t s had about 10 times as much n i t r ogen, 7 times as much phosphorus, and 5 times as much o r g a n i c m a t t e r as f e r t i li z e d p l o t s ( t a b l e 12). As a r e s u l t , D2H on sludge p l o t s was almost f o u r times as l a r g e as on f e r t i l i z e d p l o t s and more than f o u r times as l a r g e as on c o n t r o l p l o t s ( t a b l e 13).
Study 6
This study was i n s t a l l e d on a severely eroded and devastated s i t e i n t h e Tennessee Copper Basin o r i g i n a l l y o v e r l a i n w i t h H a y e s v i l l e sandy loam.
The Tennessee Copper Basin i s unique i n t h e Eastern United States i n t h a t a l l n a t u r a l vegetation on 7,000 acres was k i l l e d , and t h e surrounding 17,000 acres were reduced t o grassland i n t h e middle t o l a t e 1800's by a i r p o l l u t i o n r e s u l t i n g from p r i m i t i v e processing o f copper ore. The subsequent severe erosion o f t o p s o i l l e f t deeply g u l l i e d subsoil exposed over thousands o f acres. As l a t e as t h e e a r l y 1970's, chronic a i r p o l l u t i o n continued t o r e t a r d growth and reduce s u r v i v a l o f t r e e s i n t h e area. Recent technologi c a l innovations, however, have g r e a t l y reduced s u l f u r d i o x i d e emissions. Several o t h e r obstacles t o r e f o r e s t a t i o n o f t h e area a r e l a c k o f s o i l n u t r i e n t s and organic matter, i n s u f f i c i e n t moist u r e d u r i n g d r y periods, and d e s i c c a t i o n o f t r e e s by wind.
I n a completely randomized design o f f o u r treatments, n o n i n o c u l a t i o n o r i n o cu l a t i o n w i t h P i s o l i t h u s t i n c t o r i u s t r e a tments were combined f a c t o r i a l l y w i t h 34 Mg/ha o f f r e s h sludge from Athens, GA, o r f e r t i 1 i z e r (896 kg/ha o f 10-10-10 w i t h 1417 kg/ha o f CaO). Trees were p l a n t e d a t 11 960/ha and t h i n n e d a f t e r 5 years t o 3322/ha. A f t e r 4 years, a l l t h r e e species had yrown s i g n i f i c a n t l y b e t t e r on p l o t s amended w i t h sludge than on those w i t h f e r t i l i z e r . S h o r t l e a f p i n e grew more i n h e i g h t on sludge p l o t s , b u t n o t i n r o o tc o l l a r diameter o r DZH. V i r y i n i a pines grew more i n h e i g h t , r o o t -c o l l a r diameter, and D2H on sludgeamended p l o t s than on f e r t i 1 i zer-amended p l o t s . s i g n i f i c a n t increase i n growth. L o b l o l l y and V i r g i n i a pines, which grew a t approxi m a t e l y equal r a t e s , were s i g n i f i c a n t l y 1 arger than s h o r t l e a f ( B e r r y 1982)
L o b l o l l y and P t ectomycorrhi zae produced no As i n t h e s t u d i e s on borrow p i t s , t h e n i t r o g e n , phosphorus, and organi c m a t t e r contents o f t h e s o i l 10 years a f t e r treatment were considerably h i g h e r on sludge p l o t s than on f e r t i l i z e d p l o t s ( t a b l e 14). were t a l 1 e s t , V i r g i n i a p i nes ( P i nus v i r i n i a n a M i l l . ) next, and s h o r t l e a f -+ Ipines P. e c h i n a t a M i l l . ) markedly shorter. A l l t h r e e species grew best on sludye p l o t s ( t a b l e 15).
A t age 10, l o b l o l l y pines Study 7
This study was i n s t a l l e d on a good f o r e s t s i t e w i t h Orangebury s o i l a t t h e Savannah R i v e r Forest S t a t i o n . A s p l i ts p l i t -p l o t design was r e p l i c a t e d i n f o u r blocks t o t e s t t h r e e f e r t i l i t y t r e a tments (34 Mg/ha o f o l d sludge from Athens, 280 kg/ha diammonium phosphate and c o n t r o l ) and two mechanical s i t e p r e p a r a t i o n treatments (subsoi 1 i ng and d i s k i n g ) . Sweetgum seedlings with two m y c o r r h i z a l treatments, i n o c u l a t i o n w i t h Glomus spp. and no i n o c u l a t i o n , were p l a n t e d t h e f o l l o w i n g s p r i n g a t a dens i t y o f 1076/ha.
I n an e f f o r t t o cont r o l weeds, 23 kg/ha of simazine ( P r i n c e p F-G) were a p p l i e d i n e a r l y 1982
and l a t e r i n t h e season a 1-percent s o l u t i o n o f Round-up was a p p l i e d a t a r a t e o f 3.7 L/ha. Chemical c o n t r o l of weeds was n o t adequate, however, and a d d i t i o n a l weed c o n t r o l by d i s k i n g has been necessary. I n July 1983, sludge was A f t e r sludge a p p l i c a -
Exami n a t i o n s o f r o o t systems reveal ed t h a t seedlings i n i t i a l l y nonmycorrhizal became c o l o n i z e d w i t h r e s i d e n t mycorrhiz a l f u n g i w i t h i n t h e f i r s t months i n t h e f i e l d . It t h e r e f o r e was n o t p o s s i b l e t o measure t h e p o s s i b l e i n f l u e n c e o f mycorr h i z a l treatment on growth.
Two years a f t e r treatment, s o i l n u t r i e n t l e v e l s were s i g n i f i c a n t l y h i g h e r on sludge p l o t s than on f e r t i li z e d o r c o n t r o l p l o t s ( t a b l e 16). Subs o i l i n g improved s u r v i v a l and growth. Both s l udge and f e r t i 1 i zer appl i c a t i on improved growth, and d i f f e r e n c e s between t h e two treatments were not s t a t i s t ic a l l y s i g n i f i c a n t ( t a b l e 17).
Study 8 T h i s study was i n s t a l l e d on a good f o r e s t s i t e w i t h Dothan and N o r f o l k s o i l a t t h e Savannah R i v e r Forest Station.
Sweetgum seed1 i ngs were p l a n t e d a t a d e n s i t y o f 1,682 t r e e s per hectare i n p l o t s amended w i t h f r e s h Athens slgdge a t 34 Mg/ha, f e r t i l i z e r (1480 kg/ha diarnmonium phosphate and 1100 kg/ha ammonium n i t r a t e ) , o r nothing.
from t h i s study were i n t e r e s t i n g i n t h a t t r e e s on c o n t r o l p l o t s grew b e t t e r than t r e e s on p l o t s amended w i t h sludge o r f e r t i l i z e r .
Data presented here i n d icate, however, t h a t a f t e r t h e 4 t h year, i n s u f f i c i e n t n u t r i e n t s were 1 i r n i t i ng growth on f e r t i l i z e r and c o n t r o l p l o t s . E a r l y r e s u l t s I i A t age 7, d i f f e r e n c e s i n nitrogen, phosphorus, and organic m a t t e r contents amony s l udye f e r t i 1 i zer, and c o n t r o l p l o t s are s t i l l apparent. The phosphorus l e v e l i s much lower on control than on f e r t i l i z e r o r sludye p l o t s ( t a b l e 18). I n terms o f D2H, t r e e growth has been about t w i c e as f a s t on sludye p l o t s as on f e r t i l i z e d o r c o n t r o l p l o t s ( t a b l e 19).
Combined R e s u l t s E f f e c t s on S o i l P r o p e r t i e s
The s i t e s f o r Studies 1 through 6 were low i n n i t r o g e n ( < 175 p/m) , phosphorus ( < 4 p/m) , and organic m a t t e r ( < 0.4%) and were regarded as reclamationareas. The two "good" f o r e s t s i t e s had considerably h i g h e r concent r a t i o n s o f n i t r o g e n ( > 238 p/m) and organic m a t t e r ( > 1.6%) b j t o n l y one of t h e two (Study 87 had abundant P ( 3 1 p/m). less, growth o f t r e e s on unamended c o n t r o l p l o t s was excel l e n t on both s i t e s 7 and 8.
Neverthe-I n a l l studies, t h e c o n c e n t r a t i o n s of t o t a l n i t r o g e n were h i g h e r on sludye p l o t s than on c o n t r o l o r f e r t i l i z e r p l o t s , even on t h e two good f o r e s t s i t e s .
I n a l l s t u d i e s b u t one (Study 7), phosphorus was h i g h e r on sludge p l o t s than on f e r t i l i z e r p l o t s . I n Study 8, diammonium phosphate (1480 kg/ha) and ammonium n i t r a t e (1100 k g j h a ) were a p p l i e d t o f e r t i l i z e r p l o t s so t h a t , i n i t i a l l y , N, P, and K would be comparable w i t h sludge p l o t s . exchange c a p a c i t y a1 so were usual l y h i g h e r on sludge p l o t s than on f e r t i li z e r p l o t s . Potassium l e v e l s were u s u a l l y about equal on sludge and f e rt i l i z e r p l o t s .
pH were always h i g h e r on f e r t i l i z e r p l o t s .
Organic m a t t e r and c a t i o n Levels of Ca and Mg and
Three s t u d i e s i n v o l v i n g t h r e e p i n e and one hardwood species were 10 years o l d when data were l a s t taken. The r e l a t i v e n u t r i e n t s t a t u s o f sludge, f e rt i l i z e r , and c o n t r o l t r e a t m e n t s t h a t e x i s t e d i n t h e soil when t h e s t u d i e s were i n s t a l l e d appears t o be j u s t as s t r o n g today. . E f f e c t s on Tree Growth I n a l l cases, sewage sludge produced f a s t e r growth than f e r t i l i z e r over t h e 2-t o 10-year p e r i o d covered by t h e reported studies.
I n most s t u d i e s where a ''no t r e a t m e n t " c o n t r o l was i n s t a l l e d i n a d d i t i o n t o a f e r t i l i z e r treatment, an a p p l i c a t i o n o f 560 t o 1120 kg/ha o f 10-10-10 p l u s 2240 kg/ha of d o l o m i t i c l i m e produced l i t t l e increase i n growth over t h e "no treatment" c o n t r o l , i f any.
I n s t u d i e s where more than one spec i e s was examined, t h e r e appeared t o be a s t r o n g i n t e r a c t i o n between species and t y p e of f e r t i l i t y added.
i n t h e Copper Basin study, D H of s h o r tl e a f pine t r e e s on sludge p l o t s was 164 percent b e t t e r than on f e r t i l i z e r p l o t s , w h i l e U H o f V i r y i n i a p i n e was 296 p e rcent more on sludye than on f e r t i l i z e r p l o t s . S i m i l a r l y , i n t h e borrow p i t study where yrowth o f several hardwood species was compared, diameters o f none of t h e hardwood species d i f f e r e d s i g n i fi c a n t l y on sludge p l o t s , w h i l e t h e r e was considerable d i f f e r e n c e on f e r t i l i z e r p l o t s , on which sycamore and sawtooth oak grew f a s t e r t h a n yreen ash which i n t u r n grew f a s t e r than ye1 1 ow-pop1 ar.
Foc example, The q u a n t i t y o f sludge r e q u i r e d t o produce t h e most r a p i d growth o f sweetgum was determined on a borrow p i t (Study 2 ) . The optimum growth occurred w i t h 34 Mg/ha o f sludge, and t h e r e was no increase i n growth when t h e l e v e l o f sludge was increased t o 68 Mglha. These d a t a ( t a b l e 20) agree w i t h r e s u l t s rep o r t e d p r e v i o u s l y ( B e r r y 1977) f o r an eroded f o r e s t s i t e (Madison s o i l s e r i e s ) f o r 1 ob1 ol l y and s h o r t 1 e a f p i nes .
D u r a t i o n o f B e n e f i t s
The l o n g -l a s t i n y b e n e f i t s from sludye a p p l i c a t i o n a r e i l l u s t r a t e d by growth o f t h r e e p i n e species, 10 years old, i n t h e Copper Basin ( f i g s . 2, 3, and 4), by 10-year-old l o b l o l l y p i n e yrowing on a borrow p i t ( f i g . 5 ) and by 7-year-old sweetyum yrowing on a good f o r e s t s i t e ( f i g . 6). A l l these examples show r a p i d l y a c c e l e r a t i n y growth o f t r e e s on sludge p l o t s .
I n none o f these cases i s t h e r e an i n d i c a t i o n o f a slowdown i n growth on sludge p l o t s . Growth on t h e f e r t i l i z e r and c o n t r o l p l o t s , however, v a r i e s w i t h t h e s i t e and t h e t y p e and frequency of f e r t i l i z e r a p p l i -
cation. O f p a r t i c u l a r i n t e r e s t i s response o f sweetyum on Dothan and
Norfolk s o i l s , where growth on t h e sludge p l o t s was no b e t t e r t h a n on c o n t r o l p l o t s f o r t h e f i r s t 4 years. ments taken a f t e r t h e 5 t h and 7 t h years, however, i n d i c a t e an a c c e l e r a t i o n o f growth o f t r e e s on sludge p l o t s , w h i l e growth r a t e s on c o n t r o l and f e r t i l i z e r p l o t s remain about equal and much slower than on sludge p l o t s .
Measure- 
Su bsoi 1 i ng
Deep subsoi 1 i n g --r i p p i ny o f soi 1 up t o 91 cm deep--was used i n most studies, and s t u d i e d as a treatment v a r i a b l e on t h r e e s i t e s .
I n an e a r l y study, subs o i l i n y w i t h p a r a l l e l furrows spaced 80 cin apart and 60 
a p a r t and 60 cm deep). were s i g n i f i c a n t increases i n height, diameter, and D 2 H i n t r e e s on subsoiled p l o t s compared w i t h t r e e s on disked p l o t s . There was a 47-percent increase i n U2H on subsoiled p l o t s compared w i t h t h a t on p l o t s t h a t had been disked only.
I n Study 3, e i g h t i n t e n s i t i e s o f subs o i l i n g p l u s d i s k i n g were compared on f e r t i l i z e r and sludge p l o t s on a borrow p i t p l a n t e d w i t h l o b l o l l y pine. When sewage sludge was applied, any degree o f s u b s o i l i n g was s i g n i f i c a n t l y b e t t e r than d i s k i n g . When f e r t i l i z e r was used as an amendment, any degree o f s u b s o i l i n g was b e t t e r than d i s k i n g f o r height, but not diameter yrowth.
For D*H on f e r t i l i z e d p l o t s , s u b s o i l i n y t o 46 cm was s i g n i f ic a n t l y b e t t e r than d i s k i n y . Neither subsoi 1 i ng i n two d i r e c t i ons (perpend i c u l a r p a t t e r n ) r a t h e r than one nor spacing furrows a t 122 crn instead o f 244 cm o f f e r e d any improvement i n yrowth.
I n a There Herbaceous Groundcover I n several s t u d i e s t h e s i t e s were seeded t o Ky 3 1 fescue, and i n one study grass biomass production was measured. Lush stands o f herbaceous m a t e r i a l were sometimes produced when sewaye sludge was applied.
I n no case d i d noxious weeds appear t o be introduced by sludge a p p l i c a t i o n , b u t i n Study 4 sludge a p p l i c a t i o n s t i m u l a t e d weeds already on t h e s i t e s u f f i c i e n t l y t o cause severe competition t o t h e p l a n t e d trees. I n a block where weeds were sparse, t r e e growth was excellent.
where weed growth was l u x u r i a n t , t r e e growth was moderate. The d e t r i m e n t a l e f f e c t s o f weed c o m p e t i t i o n were a l s o i l l u s t r a t e d i n an e a r l y sludge study c berry^ 1977) not i n c l u d e d i n t h e present paper. The s t i m u l a t i o n o f ragweed and crabgrass i n t h a t study was so Analyses were done by t h e S o i l T e s t i n g and P1 ant Analysis Laboratory, 2400 College S t a t i o n Road, Athens, GA 30605.
General l y , f o l i age from t r e e s growi n y i n sludge p l o t s contained more N, P, and Zn than t h a t from t r e e s on f e r t i l i z e r p l o t s ( t a b l e s 21 through 28). Ca and Mg were u s u a l l y h i g h e r i n f o l i a y e from t fees i n f e r t i 1 i z e r p l o t s . Manganese c o n c e n t r a t i o n s were several orders of magnitude h i g h e r i n f o l i a g e from t r e e s grown i n t h e Copper. Basin than i n f o l i a g e from t r e e s i n t h e o t h e r s t u d i e s r e p o r t e d here.
DISCUSSION
The heaviest r a t e o f sludge a p p l i e d i n any o f t h e s t u d i e s was 68 Mg/ha. The p r i m a r y i n t e r e s t i n these data t h e r e f o r e i s f o r use o f sewage sludge as f e r t i l i z e r r a t h e r than heavy a p p l i c a t i o n s t h a t m i g h t be made when disposal on l a n d i s t h e primary goal. While t h e r e i s no doubt t h a t much h e a v i e r amounts o f most sludges can be a p p l i e d i n t h e Southeast w i t h no d e l e t e r i o u s e f f e c t s , one would n o t expect any increased r a t e o f growth o f t r e e s by a p p l y i n g amounts g r e a t e r t h a n about 34 Mg/ha. t i o n s o f 275 Mg/ha, a p p l i e d i n a nursery experiment ( B e r r y and Marx 1976) had no s i g n i f i c a n t d e l e t e r i o u s e f f e c t on growth of l o b l o l l y o r s h o r t l e a f p i n e seedlinys o r on m y c o r r h i z a l formation.
It i s conc e i vabl e, however, t h a t heavy appl i ca-
o f p l a n t n u t r i e n t s i n sludge and f e r t i l i z e r treatments. As i s e v i d e n t from growth data ( t a b l e 19), t h e attempt was unsuccessful. Even though analyses found o n l y n i t r o g e n t o be h i g h e r on sludge p l o t s and a l l e l ements i n good supply on f e r t i l i z e r p l o t s , growth was b e t t e r on sludge p l o t s . Since most o f t h e n u t r i e n t s i n sludge a r e i n organic form, they become a v a i l a b l e slowly. A l l n u t r i e n t s i n most f e r t i li z e r s used i n f o r e s t r y are water s o l u b l e and s u b j e c t t o washing and leaching. Therefore i t i s i m p r a c t i c a l t o apply much over 1120 kg/ha o f 10-10-10 (112 kg/ha o f N) i n a s i n g l e a p p l i c a t i o n . The e f f e c t of l e a c h i n g o f f e r t i l i z e r was demonstrated i n t h e s u b s o i l i n g study (Study 3) i n which growth o f t r e e s d u r i n g t h e f i r s t 4 years i n f e r t i l i z e r p l o t s was f a s t e r on p l o t s subsoiled t o o n l y 46 cm than on p l o t s subsoiled t o 92 cm, a depth which was more conducive t o washing and leaching. S u b s o i l i n g t o a 92-cm depth produced t h e f a s t e s t growth when sludge was t h e amendment because m o i s t u r e r e l a t i o n s were b e t t e r and t h e n u t r i e n t s , which were i n organic form, were not being leached. S p l i t a p p l i c at i o n s o f f e r t i l i z e r are common i n a g r ic u l t u r e , b u t i n most cases t h i s approach i s i m p r a c t i c a l w i t h f o r e s t trees.
Three o f t h e p l a n t i n g s are now 10 years o l d o r o l d e r (Studies 1, 2, and 6 ) .
I n each case, growth o f t r e e s on t h e sludge p l o t s i s e x c e l l e n t and appears t o be a c c e l e r a t i n g . comparing a no-amendment c o n t r o l w i t h I n s t u d i e s f e r t i 1 i zer and sludge t reatment s , t r e e s on f e r t i l i z e r p l o t s a r e not growing much b e t t e r than those on c o n t r o l p l o t s (Studies 1, 4, 5, 7, and 8). 
It has become apparent i n recent years that sludge a p p l i c a t i o n and i n c o rp o r a t i on f o l 1 owed by subsoi 1 i ng w i 11 convert t h e most unproductive s i t e imagi n a b l e i n t o a s i t e as p r o d u c t i v e as t h e best undisturbed s i t e i n t h e v i c i n i t y . Trees on t h e sludge p l o t s i n t h e Copper Basin and i n t h e borrow p i t s are yrowing very well. Previous treatments t h a t d i d
a t i o n s . A sludge a p p l i c a t i o n of 34
My/ha a t 2 percent N, 1 percent P, and 0.5 percent K i s e q u i v a l e n t t o 680 kg/ha o f N, 340 kg/ha of P, and 170 kg/ha of
K. T h e o r e t i c a l l y , t h e a d d i t i o n o f these o r g a n i c a l l y bound, slow-release n u t r i e n t s should transform t h e n u t r i e n t s t a t u s o f t h e most barren s i t e t o t h a t of an average undisturbed southern p i n e plant a t i o n .
Thus, such a treatment appears t o be more than adequate f o r mere r e c l amation. o l l y p i n e were found t o p e n e t r a t e t h e f u l l depth o f 92 cm i n a subsoiled t r e n c h w i t h i n 2 years.
It promises t o enable r e s t o r at i o n o f a severely devastated s i t e t o t h e s t a t u s o f a f u l l y p r o d u c t i v e forest.
Trees growing on sludge-amended p l o t s have produced an average o f about 8 percent more wood as a percentage o f t o t a l -t r e e weight, w i t h p r o p o r t i o n a t e l y l e s s foliage, than t r e e s on p l o t s amended w i t h i n o r g a n i c f e r t i l i z e r (McNab and Berry 1985). F o l i a r analyses c o n f i r m t h e value o f sludge as a s o i l amendment. They show elevated n i t r o g e n and phosphorus i n f o l i a g e from sludge p l o t s compared w i t h t h a t from f e r t i l i z e r p l o t s . Wells and A l l e n (1985) discuss t h e use of f o l i a r a n a l y s i s f o r i d e n t i f i c a t i o n of s i t e s where a b e n e f i t can be obtained from a p p l i c a t i o n o f f e r t i l i z e r . Elevated Mn i n f o l i a g e from t h e Copper Basin suggests Mn t o x i c i t y as a p o s s i b l e e x p l a n a t i o n f o r t h e somewhat slower growth r a t e of t r e e s i n t h a t area than on sludgeamended borrow p i t s . Although s o i l Mn i s h i g h e r on two o t h e r s i t e s , s o i l pH i s lowest i n t h e Copper Basin, c r e a t i n g a s i t u a t i o n more
d i d not p e n e t r a t e t h e s o i l on t h i s s i t e , i f i t had n o t been p r e v i o u s l y loosened ( f i g , 7 ) .
deep, r i c h Oran yeburg s o l 1 , subsoi 1 i ng increased e a r l y growth. A1 though i n c r e a s i n g t h e depth from 46 t o 92 cm ( t a b l e 13) o r t h e number o f d i r e c t i o n s from one ( p a r a l l e l l i n e s ) t o two ( c r e a t i n g a g r i d ) d i d n o t produce f a s t e r growth a t 7 years, any degree o f subs o i l i n g was s i g n i f i c a n t l y b e t t e r than d i s k i n g alone. Another advantage observed b u t n o t measured i n t h i s work was t h e e x c e l l e n t m o i s t u r e r e t e n t i o n on r e c e n t l y subsoiled p l o t s d u r i n g rains.
One o f t h e most important b e n e f i t s of s u b s o i l i n g borrow p i t s o r o t h e r extremely
hard areas, however, probably w i l l not be seen u n t i l t h e t r e e s are much o l d e r
Roots Even on a good s i t e w i t h and larger. I t i s b e l i e v e d and observations i n d i c a t e ( f i g . 8) t h a t t r e e s growing w i t h o u t t h e b e n e f i t o f deep subs o i l i n g w i l l be more prone t o windthrow than t r e e s growing on p l o t s t h a t have been subsoiled. A l l s u b s o i l i n g i n these s t u d i e s was done w i t h r e a d i l y a v a i l a b l e r i p p i n g shanks w i t h no s p e c i a l shapes o r m o d i f i c a t i o n s .
Figure 8.--Trees planted i n hard material not subsoiled can be extremely shallow rooted and prone t o wlndthrow.
The use o f herbaceous groundcover i n c o n j u n c t i o n w i t h t r e e s may sometimes have dubious value. Quick s t a b i l i z a t i o n of s o i l i s important, and where f e r t i li z e r i s being used, groundcover helps capture water-sol u b l e n u t r i e n t s t h a t m i y h t othe,rwise be l o s t from t h e s i t e . Dense herbaceous vegetation, however, competes s t r o n g l y w i t h t r e e s e e d l i n y s f o r water and n u t r i e n t s . The b e s t growth of herbaceous p l a n t s i s u s u a l l y achieved a t a h i g h e r pH than what i s b e s t f o r pines. Therefore a q u i c k herbaceous yroundcover must be bought a t a p r i c e o f slower growth o f trees. Runoff can be c o n t r o l l e d t o a l a r g e e x t e n t by subs o i l i n g on t h e contour and by p l a n t i n g t r e e s a t a c l o s e spacing i n t h e furrows ( f i g . 9). The rows c o u l d be spaced norm a l l y a t 2.44 m o r more and t r e e s spaced a t 1.22 m w i t h i n rows.
If sludge i s used i n s t e a d o f f e r t i l -
i z e r , p l a n t n u t r i e n t s w i l l be r e t a i n e d on t h e s i t e because t h e y a r e released slowly.
I f weed seeds a r e present on t h e s i t e , weed growth w i l l be s t i m u l a t e d by sludge, o f t e n t o an e x t e n t t h a t i n h i b i t s growth o f t r e e seedlings. such a s i t u a t i o n can be foreseen, attempts should be made t o c o n t r o l weeds, even i f t r e e p l a n t i n g must be delayed a year. pH CEC W i t h i n columns, means f o l l o w e d by t h e same l e t t e r do n o t d i f f e r s i g n i f i c a n t l y a t P = 0.05. s i g n i f i c a n t l y a t -P = 0.05. ' W i t h i n columns, means f o l l o w e d by t h e same l e t t e r do not d i f f e r s i g n i f i c a n t l y a t P = 0.05.
TABLES
-- -- -------P / m ----------Characteristics o f unamended s o i l a t study l o c a t i o n schemical p r o p e r t i e s on a borrow p i t (BP-la, Study 1) 10
--------p / m --------
- 'Within columns, means followed by t h e same l e t t e r do not d i f f e r s i g n i f i c a n t l y a t -P = 0.05. F e r t i l i z e r 3 99b 4b 41a 127a 56a 0.4b 4.81a 2.lb W i t h i n columns, means f o l l o w e d by t h e same l e t t e r do n o t d i f f e r s i g n i f i c a n t l y a t P = 0.05. Table 9 .--Soil chemical p r o p e r t i e s on a borrow p i t (BP-3, Study 4) p l a n t e d w i t h hardwoods and l o b l o l l y p i n e 4 years a f t e r a d d i t i o n o f amendments! W i t h i n columns, means followed by t h e same l e t t e r do n o t d i f f e r s i g n i f i c a n t l y a t P = 0.05. s i g n i f i c a n t l y a t -P = 0.05. 'Within columns, means followed by t h e same l e t t e r do not d i f f e r s i g n i f i c a n t l y a t P = 0.05. Within columns, means followed by t h e same l e t t e r do not d i f f e r s i g n i f i c a n t l y a t -P = 0.05.
--------e --------
Growth o f t h r e e t r e e species on a borrow p i t (BP-3, Study 4 ) a f t e r 4 years on p l o t s amended w i t h sludge o r f e r t i l i z e r compared w i t h
I
34 Mg/ha.
896 kg/ha o f 10-10-10 f e r t i l i z e r p l u s 1417 kg/ha o f CaO. Table 15 . Tennessee o r f e r t i l --Growth of l o b l o l l y , s h o r t l e a f , and V i r g i n i a pines i n t h e i z e r a f t e r 10 y e a r s !
Copper Basin (Study 6) on plots amended w i t h sewage sludge Treatment Height Diameter
D2H
Sludge2
F e r t i 1 i zer3 S1 udyez F e r t i 1 i z e r J W i t h i n columns and species, means followed by t h e same l e t t e r do n o t d i f f e r s i g n i f i c a n t l y a t -P = 0.05.
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'34 Mg/ha.
'896 kg/ha o f 10-10-10 f e r t i l i z e r p l u s 1417 kg/ha o f CaO. Table 16 .--Soil chemical p r o p e r t i e s o f a good f o r e s t s i t e p l a n t e d w i t h sweetyum w i t h Orangeburg s o i l (Study 7 ) on t h e Savannah R i v e r Forest S t a t i o n ' W i t h i n columns, means f o l l o w e d by t h e same l e t t e r do n o t d i f f e r s i g n i f i c a n t l y a t -P = 0.05. ' W i t h i n columns f o r a p a r t i c u l a r s e r i e s of p l o t s , means f o l l o w e d by t h e same l e t t e r do n o t d i f f e r s i g n i f i c a n t l y a t -P = 0.05.
*34 Mg/ha.
'280 kg/ha o f diammonium phosphate a p p l i e d 1 year a f t e r p l a n t i n g . W i t h i n columns, means f o l l o w e d by t h e same l e t t e r do n o t d i f f e r s i g n i f i c a n t l y a t -P = 0.05. '1480 kg/ha diammonium phosphate, and 1100 ky/ha o f ammonium n i t r a t e . 'Within columns, means followed by t h e same l e t t e r do not d i f f e r s i g n i f i c a n t l y a t P = 0.05.
-'34 Mg/ha.
31480 kg/ha diammonium phosphate and 1100 kg/ha ammonium n i t r a t e . 'Within columns and species, means followed by t h e same l e t t e r do not d i f f e r s i g n i f i c a n t l y a t -P = 0.05.
Source: Berry 1977. Table 21 .--Chemical a n a l y s i s o f f o l i a g e o f l o b l o l l y p i n e a f t e r yrowing 10 y e a r s on a borrow p i t (Study 1) amended w i t h sewaye sludye o r f e r t i l i z e r ' W i t h i n columns, means f o l l o w e d by t h e same l e t t e r do n o t d i f f e r s i g n i f i c a n t l y a t P = 0.05. Table 22 .--Chemical a n a l y s i s of f o l i a g e of sweetgum a f t e r growing 10 years on a borrow p i t (Study 2) amended w i t h sewage sl udye' S1 udye t r e a t m e n t (Mg/ha) N ' W i t h i n columns, means f o l l o w e d by t h e same l e t t e r do n o t d i f f e r s i g n i f i c a n t l y a t P = 0.05.
- 'Within columns, means followed by t h e same l e t t e r do not d i f f e r s i g n i f i c a n t l y a t P = 0.05.
17 Mg/ha. Table 24 .--Chemical a n a l y s i s o f f o l i a g e o f s i x f o r e s t t r e e species a f t e r growing 4 years on a borrow p i t (Study 4) amended w i t h sewage s l udge o r f e r t i 1 i z e r : W i t h i n columns and species, means f o l l o w e d by t h e same l e t t e r do n o t d i f f e r s i g n i f i c a n t l y a t '1120 kg/ha o f 10-10-10 f e r t i l i z e r plus 2240 kg/ha o f d o l o m i t i c lime.
= 0.05. 68 Mglha. 'Within columns, means followed by t h e same l e t t e r do not d i f f e r s i g n i f i c a n t l y a t '34 Mglha. 
19A
For a p a r t i c u l a r species and n u t r i e n t , means followed by the same lowercase l e t t e r do not d i f f e r s i g n i f i c a n t l y a t -P = 0.05. For a p a r t i c u l a r n u t r i e n t , means followed by t h e same uppercase l e t t e r do not d i f f e r s i g n i f i c a n t l y a t -P = 0.05.
2
I
3896 kg/ha of 10-10-10 f e r t i l i z e r plus 1417 kg/ha of CaO. Table 27 .--Chemical a n a l y s i s o f f o l i a g e o f sweetgum a f t e r growing 2 y e a r s on a good f o r e s t s i t e w i t h Orangeburg s o i l (Study 7) amended w i t h sludge o r f e r t i l i z e r ' 1 . 7 4~ 0.19a 0.65a 0.66a 0.37a 493b 39b 386a 17b 9.9a 39b 21a 149a C o n t r o l W i t h i n columns, means f o l l o w e d by t h e same l e t t e r do n o t d i f f e r s i g n i f i c a n t l y a t P = 0.05. ' W i t h i n columns, means f o l l o w e d by t h e same l e t t e r do n s t d i f f e r s i g n i f i c a n t l y a t P = 0.05.
2 31480 kg/ha diammonium phosphate p l u s 1100 kglha amnonium n i t r a t e . I n e i g h t f i e l d experiments d r i e d m u n i c i p a l sewage sludge was a p p l i e d t o f o r e s t s i t e s before p l a n t i n g o f seedlings.
I n a l l cases, t r e e growth was f a s t e r on sludge-amended p l o t s than on p l o t s t h a t r e c e i v e d f e r t i l i z e r and l i m e or no amendment. Deep s u b s o i l i n g was b e n e f i c i a l r e g a r d l e s s of s o i l amendment. Where weeds were p l e n t i f u l a t t h e o u t s e t , they became s e r i o u s competitors on p l o t s r e c e i v i n g sludge.
1
I KEYWORDS: Liquidambar s t y r a c i f l u a , s o i l n u t r i e n t s , subsoiling.
Reclamation, borrow p i t , t r e e growth, Pinus taeda, I n e i g h t f i e l d experiments d r i e d m u n i c i p a l sewage s l u d g e was a p p l i e d t o f o r e s t s i t e s b e f o r e p l a n t i n g o f seedlings.
I n a l l cases, t r e e f e r t i l i z e r and l i m e o r no amendment. Deep s u b s o i l i n g was b e n e f i c i a l regardless o f s o i l amendment. Where weeds were p l e n t i f u l a t t h e o u t s e t , they became s e r i o u s c o m p e t i t o r s on p l o t s r e c e i v i n g sludge.
growth was f a s t e r on sludge-amended p l o t s than on p l o t s t h a t r e c e i v e d KEYWORDS: Reclamation, borrow p i t . t r e e growth. Pinus taeda, Liquidambar s t y r a c i f l u a , s o i l n u t r i e n t s , s u b s o i l i n g .
principle of multiple use management of the Nation's forest resources for sustained yields of wood, water, forage, wildlife, and recreation. Through forestry research, cooperation with the States and private forest owners, and management of the National Forests and National Grasslands, it strives-as directed by Congress-to provide increasingly greater service to a growing Nation.
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